It is necessary to establish the longitudinal dynamic model of the tractor for the cruise control system to design a fixed speed control algorithm according to the characteristics of the model and the external disturbance characteristics. Aiming at the complexity of the longitudinal power transmission system of the tractor, this paper uses the modular mechanism modeling and the experimental data modeling to establish the longitudinal dynamic model of the tractor. Due to the nonlinearity of the longitudinal dynamics system, the inverse model method is used to linearize the model, which is convenient for the design of control structure and control algorithm of the standard cruise control system. The longitudinal dynamics model is simulated on Simulink, and the model is verified by real vehicle under driving condition. Comparing the simulation data with the experimental data, the results show that the model can accurately reflect the longitudinal dynamics characteristics of tractor, and can meet the requirements for the design of cruise control system.
INTRODUCTION
The cruise control system of agricultural machinery is an important part of the automatic driving of agricultural machinery. The research and design of the system is based on the system simulation and experiment. For the system simulation, it is necessary to establish an accurate and reasonable longitudinal model of agricultural machinery, so as to carry out the corresponding research on the basis of the model. The research object of this paper is tractor, based on LOVOL TA800 tractor, the study of the tractor longitudinal dynamics model has three input control variables and two output response variables, which are throttle opening, brake pressure, gear, acceleration and driving speed. At present, the research on cruise control system of tractor, mainly analyze the interference of the outside of the system, so as to adopt the corresponding control algorithm. The related research is few from the point of view of the object itself, to establish its dynamic model to carry out the design of tractor speed control system [1] [2] [3] [4] .
According to the requirements of the accuracy and simplicity of the longitudinal dynamic model of the tractor cruise control system, based on the theory of the longitudinal powertrain of the tractor, this paper adopts the method of combining the mechanism modeling and the laboratory data. First of all, the tractor power transmission system components are divided into modules according to the function in the system. Then, the mechanism of each module is analyzed, and also the test data of the tractor are combined, to establish the longitudinal dynamic model of the tractor. The model is simulated on Simulink, and the accuracy of the model is verified by comparing the simulation data obtained from typical working conditions with the real vehicle experimental data. Finally, the nonlinear dynamics of the established longitudinal dynamics model is linearized, which is convenient for the design of the cruise control system. The longitudinal dynamic model of the tractor is the basis for the analysis and study of the tractor cruise control system. Tractor longitudinal dynamics system structure as shown in Figure 1 , it includes four parts: diesel engine, transmission system, braking system and tractor whole vehicle movement system. The modular modeling method is used to establish the model of each part. Then, according to the transmission relationship of torque and the whole force analysis of the tractor, each part is connected, so as to obtain the tractor longitudinal dynamic model. 
Diesel

Mathematical Model of Engine
The power output of a tractor is provided by an engine, and the tractor engine is generally equipped with a diesel engine. The working process of the engine is divided into four steps, namely intake, compression, work and exhaust, and constantly repeat the work process, so that the engine can continue to provide power. The mathematical models of the engine developed by the relevant scholars include mean model, large cycle simulation model and first-order inertia simplified engine model [5, 6] . In this paper, the static model and dynamic model of the engine are established by referring to the previous research experience and considering the control.
Static Model
The study shows that the static model of the external characteristics of the engine operating conditions can be defined as the non-linear relationship between the steady-state output torque, the throttle opening and the engine crankshaft speed in the normal working condition of the engine. The expression is as follows:
In the above formula, es T represents the steady state output torque (Nm) of the engine, e n is the engine crankshaft system speed (r/min), and  means the throttle opening (%). In MATLAB, the nonlinear relationship between the three of these formulas can be visually rendered by using the look-up table module, as shown in Figure 2 . When the engine speed e n and throttle opening  value are input to the module, the steady output torque of the engine can be obtained, as a static model of the engine.
Dynamic Model
During the operation of the engine, the hysteresis characteristics of the governor and the process of converting the calorific value of the diesel fuel into mechanical energy have a time course when the length of the throttle wire is extended and contracted. Therefore, the output torque of the engine can not change with the length of the wire instantaneously, and it is a dynamic response process. The dynamic response process of engine torque can be simplified as a first order inertia link with hysteresis [7] . So the tractor's dynamic output torque model can be expressed as follows:
Where ed T is the engine dynamic output torque (Nm),  is the engine dynamic response delay time (s), and e k is the dynamic characteristic fitting coefficient.
Mathematical Model of Transmission System
The transmission system is mainly composed of transmission box, transmission shaft and rear axle. In this paper, it is assumed that the torque transfer process, each element is a rigid body without deformation. On the basis of this assumption, the transmission shaft, rear axle and other parts of the total transmission ratio is N. This article research object LOVOL TA800 tractor gearbox is 8 +2 planetary gear manual shift, regardless of the loss between the gears. According to the definition of the transmission ratio, the following formula (3) is used to calculate the gearbox output speed and torque. 
Braking System
The current brake system of the tractor is mainly equipped with a disc-operated mechanical brake The dynamic characteristics of the braking system are represented by a first order inertia link. The mathematical model is as follows:
In the above formula, b K is the gain coefficient; b  is the friction coefficient; m is the friction face number; Q is the pressing force (N); b T is the lag time (s); tb F is the braking pressure (N).
Tractor Whole Vehicle Movement System
A driving dynamics model that takes full account of the various operating characteristics of the tractor can reproduce the actual operating conditions of the tractor and provide a suitable simulation platform for various control methods. However, the high-precision tractor driving dynamics model not only needs to identify various complex parameters of the system, but also increases the overall running time of the system due to the increase of the complexity of the model, thus affecting the realtime performance. Therefore, before the establishment of the tractor driving dynamic model, the reasonable assumptions are made for the longitudinal dynamics system under the premise of ensuring the appropriate simulation accuracy:
(1) The ground adhesion is large enough, without considering the nonlinear factors such as tire slip;
(2) Ignoring the effects of tractors' vertical and lateral movements;
(3) Ignore rigid body deformation between drive shafts.
The four wheeled tractor studied in this paper is a rear wheel drive, and the overall force analysis diagram of the tractor, as shown in Figure 3 below: According to Newton's second law, can get the kinetic equation:
t F is the resultant force of tractor traction and brake braking force in the x direction, as shown in the following formula:
(1) Tractor tractive force
In the above formula, t  is the mechanical transmission efficiency; q r is a driving wheel radius (m).
(2) Air resistance
Where D C is the air resistance coefficient;  is the windward area(m 2 );  is the air density (kg/m 3 ); x v is the tractor speed (m/s); wind v is the wind speed (m/s).
(3) Wheel rolling friction force
The stress analysis of contact points on the rear wheel and the ground, can get the torque balance equation:
In the above formula, M is the tractor's total mass(kg);  is the slope angle; g is the gravitational acceleration(
aero h is the vertical distance between the center of the wind and the ground; l is the center point of the horizontal distance between the front and rear wheel; c l is the horizontal distance between the center of the rear wheel and the center of the tractor.
Thus deriving the positive pressure on the front wheel:
So the front wheel rolling friction is:
Where  is the tire rolling resistance coefficient.
Similarly, the stress analysis of the contact point of the front wheel and the ground, the rear wheel is derived under positive pressure:
So the rolling friction of the rear wheels is: 
LINEARIZATION OF LONGITUDINAL DYNAMIC MODEL
Since the longitudinal dynamics model of the tractor contains a nonlinear engine model and so on, it is difficult to control the precise velocity of the throttle opening, so the longitudinal dynamic model is linearized. The common methods of linearization of nonlinear systems are differential geometry method, implicit function method and inverse model method [9] .
As the longitudinal dynamic model of tractor is causal system can be reversed, the inverse model linearization method is used to linearize the longitudinal dynamic model. The linearized longitudinal dynamics model is used as the dynamic model of the tractor cruise control system, as shown in Figure 4 . In the figure, 
Inverse Longitudinal Dynamic Model
The inverse model reflects the mapping from the object output to its input. The output torque of the desired engine is derived by the desired acceleration. And then through the tractor diesel engine inverse MAP to get the desired output angle, the inverse MAP diagram is shown in Figure 5 . The inverse MAP is input by the engine speed e n and the desired engine output steady state torque value es T , thereby obtaining the desired throttle opening degree  , which is used as the inverse model of the engine.
Figure 5. Engine inverse MAP.
Calculation of expected engine torque ed T .When the tractor is running on the road, the ratio of tire deformation length to tire diameter is <1%, so the influence of tire deformation factors on the system is ignored, the drive wheel speed: According to the formula (5), can be derived
The driving wheel rotation dynamics equation:
In the above formula, q I is the inertia of the driving wheel; q T is the driving torque of the driving wheel.
Therefore, the tractor obtains the desired acceleration torque required for acceleration:
  
The rotating dynamic equation of transmission system:
Where t I is the rotational inertia of gearbox and t  is the rotational speed of the gearbox input.
As the gearbox input speed and the engine output speed is equal, so the load torque on the tractor engine: 
Actuator Model
Actuator model is the key to connect tractor inverse longitudinal dynamics model and longitudinal dynamics model. The actuator model includes the accelerator pedal actuator model and the brake pedal actuator model. The inputs are the desired throttle opening and the desired brake pressure, and the output is the actual throttle opening and the actual brake pressure. As the tractor speed is relatively low, adjust the throttle pedal stroke enough to achieve the control of the system, so this article mainly consider the throttle adjustment, brake pedal control is mainly used for system parking and traffic safety.
Throttle Pedal Actuator Model
According to the characteristics of the tractor throttle, the accelerator pedal actuator is designed, with the emphasis on the driving safety when the system is powered off. After the system is powered off, the electromagnetic clutch loses its magnetism, the shaft of the motor drives is separated from the winding axle, and the accelerator pedal is restored to its original position by its restoring force. The actuator is mainly composed of stepper motor, reducer, electromagnetic clutch, winding wheel, and its threedimensional model diagram is shown in Figure 6 .
The accelerator pedal actuator is through the PWM signal to control the stepper motor to drive the mechanical device. The accelerator pedal itself has a restoring force under the action of the spring and the pulling force of the pull wire forms a balance to achieve the throttle valve to maintain a certain degree of opening. However, as an actuator of the control system, the response speed and accuracy of the actuator must be satisfied and the overall performance of the control system will be improved. Therefore, the PID controller is designed to realize the rapidity and accuracy of the actuator, so the overall block diagram of the accelerator pedal actuator is shown in Figure 7 . The electronic ruler for measuring throttle opening is used to measure the response of accelerator pedal under step signal, and curve fitting is used. Mainly consider the equivalent principle, through the MATLAB curve fitting function, fitting out the curve, as shown in Figure 8 below. The small overshoot in the response is due to the elastic components such as springs in the throttle adjustment system. 
Brake Pedal Actuator Model
The brake pedal actuator is an electric push rod, and the power source of the electric push rod is supplied by its DC motor. When the positive pole of the DC motor is supplied, the push rod extends; when the negative electrode is powered, the push rod retracts. The push rod of the electric push rod is set to the setting position by the controller, so as to pull the steel rope until the tension of the steel rope and the restoring force of the brake pedal are equal. As a result, the brake pedal travel reaches the designated position, and the braking pressure of the brake system follows the desired value. In the establishment of the mathematical model of the electric putter, the inertia time constant of the gear transmission mechanism is small(less than 0.01 seconds) [10] . Therefore, in considering the establishment of electric pusher mathematical model can be approximated equivalent to the establishment of the DC motor mathematical model. On the mathematical model of DC motor has been a systematic research results [11, 12] . This paper draws on the DC motor model established by Shen WJ et al. [13] , as follows:
Where n  is the natural oscillation frequency of the motor;  is the damping ratio; e C is the motor torque coefficient.
SIMULATION AND VERIFICATION 4.1 Implementation of Longitudinal Dynamics Model Based on MATLAB
The mathematical model of each module established above is implemented on Simulink, and is connected according to the transmission of the torque between the modules shown in Figure 1 . The parameters used are those provided by the LOVOL TA800 tractor manufacturer and experimental measurement data. The longitudinal dynamics model of tractor implementation in Simulink as shown in Figure 9 . 
Verification and Result Analysis of Longitudinal Dynamic Model
In order to verify the accuracy and rationality of the tractor longitudinal dynamic model, the typical working conditions experiment of tractor driving on the cement road surface are designed, which is shown in The experimental platform of this paper is based on the LOVOL TA800 tractor, as shown in Figure 10 below. The simulation input signal of the model is implemented by the designed throttle opening actuator and the electric push rod of brake stroke. And act on the actual tractor platform to reduce the uncertainty of manmade manipulation and unreasonable errors. The gear is placed on the commonly used working gear. The speed value is measured by the radar ground speed sensor, and the acceleration is obtained by the GPS positioning system in the agricultural automatic navigation system. The curve with time is plotted by the measured data collected from the velocity and acceleration sensor and the simulation data, as shown in Figure 11 . The results show that the tractor longitudinal dynamic model can well reflect the longitudinal dynamic characteristics of the real vehicle. Under the three typical working conditions, the stability error of the speed and acceleration response of the simulation model is no more than 5%, and the dynamic response trend of the simulation model is consistent with the response of the real vehicle.
CONCLUSION
In this paper, a hybrid modeling technique is adopted. Firstly, the longitudinal power transmission system of the tractor is analyzed, and then the simplified longitudinal dynamic model of the tractor is established by simplifying the hypothesis and combining with the actual vehicle data of tractor. The model is simulated under different typical working conditions, and the obtained simulation data are compared with the real vehicle test data. It can be concluded that the model can accurately reflect the longitudinal dynamic characteristics of tractor, and it takes into account the accuracy and simplicity of the model. The whole vehicle condition simulation can be realized, which satisfies the requirement of longitudinal dynamic model of tractor control cruise system. Aiming at the nonlinearity of the acceleration under the cruise driving conditions of the tractor, the longitudinal dynamic model is linearized by the inverse model linearization method, which brings a certain degree of convenience to the design of the cruise control system.
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